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INTRODUCTION
The chemical flux of rain water is of interest to geochemists, atmos­
pheric chemists, soil scientists and ecologists. Data are sparse for the 
mid-continent and this report is directed to rectifying the lack in part 
by giving detailed analyses for sodium, potassium, calcium and magnesium for 
68 rains out of a total of 74 which occurred at Fayetteville, Arkansas, in 
1973. Data of this type were obtained in 1955-56 by Junge and Werby for a 
network of sampling stations across the United States, but have been published 
only as yearly averages in map form (Junge, 1958, 1963; Junge and Werby, 
1958). More detailed data for our specific locality for the very wet year 
1973 (49% more rain than the 1941-1970 average) were of interest.
Data for the four chemical elements Na, K, Ca and Mg were correlated 
with the seasons and inches of rainfall, and the interrelationships of these 
elements were determined. Average monthly and yearly concentrations and 
fluxes were determined and are compared to Junge and Werby’s data for 1955- 
56. During this period 38 inches of rain fell, compared with 73.7 inches 
during 1973. The 1973 flux values for the four elements are shown in Table 
I and are compared to Junge and Werby's data for 1955-56. The 1973 flux 
values are 11.4% higher for sodium, 67% higher for potassium and 32.6% lower 
for calcium. However, the 1973 average concentration values for each element 
are lower than those for 1955-56. This is surprising as an open collector was 
used in 1973 and the values are the sum of dry and wet fallout.
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Table 1. Rain Water Flux of Elements, Fayetteville, Arkansas.
1973 (73.7 in. Rain) 1955-56 (38 in. Rain)
Junge and Werby (1958)





























The equipment used to catch the rain samples was designed for radio­
chemistry work and has been described elsewhere (Daniel, 1974). A 3 x 3- 
meter galvanized steel sheet was the collecting area; a central drain hole 
led to a 120-liter polyethylene bottle. The collector was open between 
rains whereas that of Junge and Werby (1958) was opened only during a rain. 
Concent rated nitric acid at 2.4 ml per liter of rain water was added on the 
day of collection. All samples collected in 1973 were stored in polyethylene 
bottles and were analyzed by atomic absorption in May of 1974. The samples 
were not filtered as no significant differences were found in 1974 for samples 
filtered through a 0.45 Millipore filter. The filters contain alkali which 
contaminates the samples and to be without effect must be prewashed free of 
alkali or blanks must be subtracted.
Atomic absorption measurements were made with a Perkin Elmer Model 303 
spectrophotometer. The prescribed methods of the Perkin Elmer handbook (1971) 
were used. Absorption measurements on duplicate samples generally yielded 
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better than +10% agreement, sodium and potassium giving the greatest varia­
bility and magnesium and calcium the least. Lanthanum at 0.1% was tested 
without effect on rain samples containing about 2 ppm calcium. There is 
apparently no anion interference with calcium at the low concentrations 
present in rain water.
DISCUSSION
In Table II data from the 68 rains are summarized in terms of monthly 
and yearly averages of concentration (ppm) and flux (ppm x inches) and 
amount of rainfall. Figure 1 compares the inches of rainfall per month for 
1973 for Fayetteville* with the 1941-1970 average (NOAA, 1973). Spring and 
fall peaks in the amount of 1973 rainfall were about twice the corresponding 
peaks of the 1941-1970 average. Figure 2 gives the monthly average concentra­
tion for the four elements during the course of the year. Sodium and 
potassium not only show similar trends but are at about the same concentration 
at all times. Magnesium, although at a lower concentration level, shows a 
seasonal trend similar to those of sodium and potassium. The trend for calcium 
rises and falls in unison with the trends of the other three elements from 
March to September, but during the rest of the year is unique. The monthly 
flux for calcium, however, generally follows that of the other elements as 
shown in Figure 3. There are spring and fall peaks in the fluxes of each of 
the four elements.
Calcium is most unique among the elements when the concentrations of 
the elements are compared with those of sodium (Fig. 4) and magnesium (Fig. 
5). Calcium ratios are greatest during late winter and early fall. Because 
these are periods of high winds, the calcium concentrations may be more
* Rainfall at the official Fayetteville experimental station, 2 miles north 
of the collectors, was somewhat different from the monthly values obtained 
and less for the year, 66.05 inches total compared with 73.7 inches.
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subject to wind control than those of the other elements.
There was considerable variability in the concentration of the four 
elements from rain to rain as shown in Figure 6, where the number of rains 
within a given concentration range is plotted against the range. The 
yearly averages shown in Figure 6 and Table II are the actual weighted 
averages, i.e. the sum of the concentration times inches for all the rains 
divided by the number of inches of rain for the year. The variability from 
rain to rain is due in part to the influence of the amount of rain as it is 
well established that, on the average, concentration decreases with the amount 
of rain (Junge, 1963). Where an uncovered collector is used, as in the present 
study, the amount of dry fallout between rains is also a factor.
Figure 7 shows a gradual decrease for the monthly average concentrations 
of all four elements with increase in rainfall up to 6 inches. Beyond 6 
inches there is a slight decrease in concentration for calcium, a more or 
less constant concentration for magnesium and a slight rise in concentration 
for sodium and potassium. No seasonal effects were noted in this relation­
ship of concentration to inches of rain except that May has high values for 
all elements. Fluxes of all the four elements studied increased generally 
with increasing rainfall, both on a monthly basis (Fig. 8) and on an indivi­
dual rain basis (Fig. 9). However, on a monthly basis the flux is nearly 
constant for Na, K and Mg up to 6 inches of rain per month. Calcium flux 
on a monthly basis shows a linear increase with amount of rainfall for January 
through May and for June through December, but different slopes for the two 
periods (see Fig. 8).
Equations for the two curves are:
Flux (ppm x inches) = 1.8 + 0.63(inches of rain) Jan. - May curve 
Flux (ppm x inches) = 2.0 + 0.33(inches of rain) June - Dec. curve 
These equations indicate that the dry fallout is about the same for the two 
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periods, i.e. about the same intercepts, 1.8 vs. 2.0, but the slopes are 
very different, 0.63 vs. 0.33. The slopes should be related to the washout 
efficiency.
There are two possible explanations for the higher calcium flux during 
January through May. One is the greater agricultural activity during this 
period. The other is the local use of crushed limestone on the streets 
during snow and ice storms, the first of which usually occurs in late Decem­
ber or early January. The limestone is pulverized by the traffic during the 
winter and is swept up in April or May after becoming a dusty nuisance.
The results are further compared with those of Junge and Werby (1958) 
in Table III. The K/Na and Ca/Na concentration ratios are in good agree­
ment when Junge and Werby's values for Little Rock are compared with the 
values for Fayetteville. Values for Fayetteville interpolated from their 
maps compare less well, but are comparable. Individual concentration values 
for the elements, not ratios, are lower for Fayetteville, usually one-half 
those of Junge and Werby (1958). This is surprising in view of the use 
of uncovered collectors. The Fayetteville concentration values should show 
some contribution from dry fallout. The differences may reflect merely 
year-to-year variations of an extreme nature, perhaps related to the great 
difference in amount of rainfall (73.7 inches in 1973 vs. 38 inches in 1955-56). 
The year-to-year variation and the effect of amount of rainfall on concen­
tration would be important points to establish with additional work.
As seen in Table III, the ratios of the rain water concentrations of 
the elements determined in this work are near those for average crustal 
rocks, not seawater. By assuming the Cl/Na ratio of Junge and Werby (1958), 
the experimental Na, K, Mg and Ca concentrations were corrected by subtracting 
a seawater contribution to give an "excess" of the elements over those of 
seawater. The elemental ratios derived from the corrected values agree most
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Table III. Comparison of Concentrations and Concentration Ratios with those of previous workers.
Concentration (ppm) Concentration Ratios
































































* Interpolated from maps of Junge and Werby (1958).
The Cl/Na value of 0.90 is from a Cl/Na map, whereas the ratio of the individually interpolated 
values is 0.67
** Assuming a Cl/Na ratio of 0.8.
Excess is calculated by subtracting a seawater equivalent from the actual values.
*** Mason (1966).
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closely with those of average crustal rocks but show improved agreement over 
uncorrected values only in the case of Mg/Na. As pointed out by Junge and 
Werby (1958), the contribution of sea salts to rain water diminishes to a 
very small value 500 miles from a seacoast, which is about the distance of 
Fayetteville.
An attempt was made to establish the relative contribution of dry fall­
out to the results. The monthly flux values at zero monthly rain were ob­
tained by extrapolation of the individual curves in Figure 8. The extrapo­
lation is accurate for calcium but of questionable accuracy for the other 
elements. Table IV shows how these values can be used to calculate the flux 
due to rain alone (wet fallout). This rough approximation suggests that dry 
fallout and wet fallout are about equal for the four elements Na, K, Ca, and 
Mg.
Table IV. Contribution of Dry Fallout and Wet Fallout to Total Flux.
Dry fallout, average monthly flux (ppm x in)*
Dry fallout, flux for year 1973 (ppm x in)
Dry fallout plus wet fallout, yearly flux
(ppm x in)
Wet fallout, yearly flux (ppm x in)
Wet fallout, flux as % of total





















*Determined by extrapolating to zero inches of rain in Figure 8.
FUTURE WORK
The results reported are believed to be as reliable as those of previous 
investigators and should be very useful. Refinements are needed, however, in 
the collection techniques and in the collection sites. Analyses were limited 
to four nutrient elements. Analyses should be expanded to measure other 
important nutrient elements and anions and the important pollutants, trace 
heavy metals.
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1. Improved rain collection system.
Collectors should be all plastic to avoid metal contamination. Dual 
collectors should be used, one continuously open to measure the total of 
dry and wet fallout and one open only during rains to measure wet fallout. 
Dry fallout is obtained by difference. Knowledge of the relative amounts 
of dry and wet fallout for the elements would aid in the determination 
of their sources and fallout mechanisms.
2. Improved collection sites.
New sites should be selected in a rural forested area to avoid inputs 
from local industry, local agricultural activity (plowing), local lime­
stone mining, limestone street dust and auto exhaust. What is desired 
is an accurate measurement of the ingress of trace metals and nutrients 
from remote sources. The collectors should be mounted above tree 
height to avoid tree sap and local ground dust.
3. Expanded number of elements.
Nutrient elements and anions to be analyzed should include Na, K,
Ca, Mg, Li, Sr, Cl, SO4, HCO , NO3 and F. Trace metals should include
the heavy metals, Pb, Hg, Cd, As, Cr, Co, Cu, Zn, Mn, Fe and Ni.
TRACE HEAVY METAL ANALYSES OF 1974 RAINS
During 1974 four rain samples were caught in all-plastic equipment. A 
polyethylene funnel attached to a 1-liter polyethylene bottle set 1.5 meters 
above the ground was used. The sampler was open only during the rain but 
remained open throughout the rain so that a complete sample was taken. It 
is well known (Junge, 1963) that the first part of a rain has the higher 
concentrations of dissolved salts. The sampling site was in the backyard of 
1688 Ramsey Avenue, Fayetteville, Arkansas. Within 1-3 days analyses were 
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made on the samples for trace metals by atomic absorption (A.A.) directly on 
the rain water and by chelation followed by extraction with methylisbutylke- 
tone (MIBK) and A.A. analysis of the MIBK. The latter method was developed 
by Nix and Goodwin (1970). No acid preservative was added to the samples so 
as to keep the analytical blanks small. The results are shown in Table V 
and the concentrations are compared with those found in the United States and 
England by other investigators.
Table V. Trace Heavy Metal Analyses for Miscellaneous Rains, 1974,
Fayetteville. Arkansas.
Parts Per Billion





A. A. on rain water
A.A. on MIBK extract
A.A. on rain water
A.A. on MIBK extract
A.A. on rain water
A.A. on MIBK extract
A.A. on rain water

























































Average by A.A. on MIBK extract
Average of 32 stations in U.S.* 
Lake Windermere, England**
U.S. Public Health conc, limits 
for water***
* Lazrus et al. (1970).
** Peirson et al. (1973).
*** U.S. Public Health Service (1962).
Concentrations of trace metals in Fayetteville are only a fraction of 
those found on the average for the United States and for the one site in
10 
England, Lake Windermere. The United States average is heavily weighted by 
sampling sites in metropolitian areas. The fact that the highest values 
for Fayetteville are for lead and zinc, one sample being twice the average 
Ln zinc, suggests that some output from lead-zinc smelters in the four-state 
area is reaching Fayetteville. Bartlesville, Oklahoma, 120 miles west of 
Fayetteville, has a 50,000-ton-per-year retort zinc smelter (news item in 
Engineering Mining Journal, May, 1974, p 37). With regard to Beaver Lake, it 
is worth noting that rain water was found to be a principle source of trace 
metal pollution for Lake Michigan (Winchester and Nifong, 1971).
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1973 Monthly Flux vs Inches of Rain per Month
Figure 8
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1973 Individual Rains, Flux vs. Inches of Rain
Figure 9
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